Distribution of industrial land use has a crucial influence on the regional environment. Nanfen is a developing industrial city affiliated with Benxi City, northeastern China. The suitability of industrial land use in Nanfen was evaluated to provide a scientific basis for industrial land-use planning and to minimise negative impacts on the local environment. Multi-criteria evaluation (MCE) within GIS was employed to derive a suitability map. The suitability map was compared with current industrial land use to identify areas for relocation of current industries. A total of 25.7% of the urban area in Nanfen was rated as suitable, 28.1% as somewhat suitable, 37.9% as unsuitable and 8.2% as most unsuitable. About 20.6% of the current industrial land was in suitable areas, 46.5% in somewhat suitable areas and 32.9% in unsuitable areas. We further verified the influence of selected factors on the suitability of industrial land use using a field survey. The results confirmed that industrial land-use relocation in Nanfen is required. This study uses ecological suitability evaluation as a basis for land-use planning and has implications for other industrial cities in northeast China that have similar environmental and ecological problems.
INTRODUCTION
Northeast China has the most important heavy industrial areas in China. Nanfen is an industrial town in Benxi City, Liaoning Province, where industrial activities both stimulate growth of the local economy and cause environmental problems, including wastewater pollution, air pollution, dust and noise. Although industrial pollution cannot be eliminated in the short term because of existing local socioeconomic structures, land-use planning can alleviate negative effects on the regional environment (Dong et al. 2006) . The current landuse structure in Nanfen is problematic. Factories, including opencast iron mining, mineral concentration plants, machine repair depots and a new spherical agglomeration mill, are located in the area. The industrial area is either within or in closely proximity to residential areas and there is little green space separating industrial and residential areas. The current land-use structure has undoubtedly worsened the local ecological environment. Hence, scientific planning and changing land-use structure to minimise negative impact of industrial activities on local life is necessary and urgent.
Evaluation of current land use is a prerequisite for designing new land-use plans (Svoray et al. 2005) . Some studies have evaluated land-use suitability for urban construction (Dai et al. 2001; Svoray et al. 2005; Zhou et al. 2007 ); however, industrial site distribution within an urban district has rarely been explored. We have examined the suitability and spatial allocation of industrial land use in urban district of Nanfen to: (1) derive a land-use suitability map for industrial land use; (2) compare current use with the derived map to reveal suitability classes of current industrial lands; and (3) identify the influence of selected factors on the suitability of industrial land use.
STUDY AREA AND METHODS

Study area
The study was carried out in the urban district of Nanfen (123°45′E 40°41′N; Figure 1 
Methods
We used multi-criteria evaluation (MCE) in our land-use suitability evaluation. MCE includes a weighted linear combination (WLC) and analytic hierarchy process (AHP) within a geographic information system (GIS). MCE steps include selecting evaluation factors, specifying each factor rating, calculating weights of factors and producing outcomes. Based on field investigation and information collection in Nanfen, the following seven factors were selected: current land use, slope, distance to river, density of green surfaces, distribution of pollutant sources, distance to road network and distance to residential areas. Except for slope and pollutant sources, all the map layers of the water system, green surfaces, road network and residential distribution were extracted from the 2005 land-use map (scale 1:10,000). Each factor map was projected into the coordinate system of Beijing_ 1954 and was converted into ArcGIS GRID format at a 1-m resolution.
All seven factors used a standardised scale when ratings for each factor were assigned (Malczewski 2004) . Integers ranging from 0 to 4 were assigned to most unsuitable, unsuitable, somewhat suitable, suitable and most suitable classes, respectively. Local experts on land resources, water resources, environmental protection, urban planning and Land-use suitability Dai et al. social development were invited to discuss and confirm the ratings (Table 1) . Based on the factor ratings, a suitability class for individual cells of each factor map can be calculated within GIS. The third step was to calculate the weight of each factor. According to similarity and diversity among factors, the seven factors were grouped and subordinated into three subsystems to evaluate industrial land-use suitability: land use and slope, distribution of water, green surfaces or pollutant sources, and distance to traffic network or residences. The pair-wise comparison method was used to calculate weighting value of subsystems and factors. Single ranking was employed to compute the weight of each group of factors corresponding to their subsystem. Total ranking was used to produce the final weighting value of each factor ( Table 2) . Once the weights of each factor were attained, the total suitability class score for one assessment unit was calculated using the following equation:
where W(k) is the weight of factor k, k = 1, 2, . . ., n is the number of factors, and R ij (k) represents the rating of factor k on the grid ij. The spatial analysis function of GIS was employed to overlay the seven factor layers with their respective weights. According to the final values of each cell, K means clustering (Zhou et al. 2007 ) was used to divide the suitability class of each grid into five area groups: most unsuitable (0-0.5), unsuitable (0.5-1.5), somewhat suitable (1.5-2.5), suitable (2.5-3.5) and most suitable (3.5-4).
To evaluate current industrial lands by suitability class, the industrial land-use suitability map was overlaid with the current industrial land-use map. The evaluation results were further compared with field investigations to examine the relationship for current industrial land use and the selected factors.
RESULTS
Most suitable areas for industrial land use
Land-use suitability evaluation based on the seven selected factors revealed that there was a small area (0.02 km 2 ) of the most suitable class for industrial land use in the urban district of Nanfen. Spatially, the most suitable areas were located in the eastern part of the urban district of Nanfen (Figure 2) . No industrial activities were found on these areas (Figure 3) . By comparing the suitability results with the field survey, we found that current land use in Table 2 Factor weights for evaluating industrial land-use suitability in Nanfen the most suitable areas was unused land, and that the distance from the local railway to these most suitable areas was less than 100 m. The most suitable area was situated over 250 m from the Xihe River.
Suitable areas for industrial land use
The suitable area for industrial land use was 3.49 km 2 , occupying 25.7% of the total urban area.
Only 21% of industrial land (1.07 km 2 ) was located in suitable areas. Spatially, the suitable areas were concentrated in Tieshan and Guojia (Figure 2) , in which 30.7% was used for industrial activities (Figure 3 ). These suitable areas lie in the lower reaches of the River Xihe, and 200 m to a highway or railway. The distance from a local mine to the adjacent residential area was 0.5 km; green space in the suitable areas was more abundant than in other areas with more intense human management.
Somewhat suitable areas for industrial land use
The somewhat suitable area for industrial land use was 3.83 km 2 , occupying 28.1% of the total urban area. Nearly half (46.5%) of the industrial land (2.42 km 2 ) was in these areas. Spatially, the somewhat suitable areas were dispersed within the urban district (Figure 2) , and 63.2% was used as industrial land (Figure 3) . The main pollutant sources to local residents were noise and wastewater arising from local mineral concentration plants. The density of green surfaces in the areas was lower than that in the suitable areas, and the space separating residences from industry was less than 300 m.
Unsuitable areas for industrial land use
The unsuitable areas for industrial land use constitute 5.15 km 2 , or 37.9% of the total urban area.
Nearly one-third (32.9%) of industrial land (1.71 km 2 ) was in these unsuitable areas. The areas were widely distributed throughout the urban district (Figure 2 ). However, current industries occupying 33.2% of the unsuitable areas were only in Nanfen and Guojia (Figure 3 ). The residential areas were dense, green areas were sparse, and the distance between residences and local factories was 100 m. The main pollutant source was waste air arising from a local spherical agglomeration mill.
Most unsuitable areas for industrial land use
The most unsuitable area for industrial land use was 1.11 km 2 , or 8.2% of the total urban area. These areas were evenly distributed throughout the urban region (Figure 2 ). There were no industries in the most unsuitable areas (Figure 3) , most of which are covered by water from the River Xihe, or have a slope greater than 25°.
DISCUSSION
The objective of land-use evaluation is to design a scientifically sound land-use plan so that land-use types are allocated to suitable areas. We show that
Land-use suitability Dai et al. 4 International Journal of Sustainable Development & World Ecology These evaluation results for Nanfen can assist urban planners in making decisions on allocation of local industrial areas while preserving the environment. In addition, the method of comparing evaluation results either with field investigations, to check the influence of assessment factors, or with current land use, to identify suitability classes of current industrial lands, can be applied to other industrial cities to assess and arrange industrial land use from the viewpoint of ecology and sustainable land use.
